Current knowledge of the piRNA pathway is based mainly on studies on the model organism 21 Drosophila melanogaster, where three proteins of the Piwi subclade of the Argonaute family interact 22 with PIWI-interacting RNAs to silence transposable elements in gonadal tissues. In mosquito species 23 that transmit epidemic arboviruses such as the Dengue and Chikungunya viruses, Piwi clade genes 24 underwent expansion, are also expressed in the soma, and code for proteins that may elicit antiviral 25 functions and crosstalk with other proteins of recognized antiviral mechanisms. These observations 26 underline the importance of expanding our knowledge of the piRNA pathway beyond D.
Introduction

63
First discovered for their role in plant developmental, proteins of the Argonaute family have 64 been found in all domains of life, where they are essential for a wide variety of cellular processes, Table) . Genomic DNA sequences were obtained for each exon-intron boundaries confirming in all 143 Piwi genes the presence of the PAZ, MID and PIWI domains, the hallmarks of the Piwi subfamily of 144 Argonaute proteins [35] . For Ago3, Piwi1/3, Piwi2, Piwi4 and Piwi6, single transcript sequences that 145 correspond to predictions based on the identified DNA sequences were retrieved (S1 Dataset).
146
Sequencing results of the transcript from Piwi5 showed a sequence 27 bp shorter than predicted on 147 the reference genome, due to a 45bp gap followed by a 18b insertion, 110 and 333 bases after the 148 ATG starting codon, respectively. This transcript still includes the PAZ, MID and PIWI domains. The 149 presence of this transcript was further validated by northern-blot (Fig 1) . For Piwi7, the transcript 150 sequence also appears shorter than predicted (Fig 1) . Alignment and phylogenetic analyses, in the 151 context of currently annotated Piwi transcripts of Culicinae and Anophelinae mosquitoes, confirmed 152 one-to-one orthologous pairing between Ae. albopictus Piwi gene transcripts and those of Ae. 153 aegypti (S2 Table, S1 Fig) . Interestingly, Piwi5, Piwi6 and Piwi7 transcripts group together and 154 appear more similar to one of the two Aubergine-like transcripts annotated in different Anophelinae 155 species than to Aedes Piwi2, Piwi1/3 and Piwi4 transcripts. Regarding the latter, Piwi2 and Piwi1/3 156 form a species-specific clade, rather than follow a speciation pattern. Independent duplication events aspartate-aspartate-histidine, DDH) [35, 38] . Between the PAZ and PIWI domains there is the MID 171 domain. MID specifies strand-and nucleotide-biases of piRNAs, including their Uridine 5' bias 172 [39, 40] . To evaluate the selective pressures acting along these genes, we analysed the 173 polymorphism pattern in Ae. albopictus samples from wild-collected populations and from the 174 Foshan reference strain. Synonymous and non-synonymous mutations were found for each gene in 175 all populations (Fig 2) , with Piwi1/3 displaying the lowest polymorphism (Table 1) Finally, to gain insight on how variable Piwi genes are in comparison to slow-and fast-220 evolving genes of Ae. albopictus, we collected variability data of sets of genes previously identified 221 to have slow and high evolutionary rates [42] . For each population, we compared the overall level of 
226
Computational predictions of molecular structures 227
The functional significance of the mutations under selection, as well as that of all the shared 228 missense mutations in the PAZ and PIWI domains, was tested by computing predictions of three-229 dimensional molecular structures of the Piwi proteins using the most-recent X-ray crystallography 230 structure of Argonaute proteins as templates [43, 44] . Homology modelling revealed high structural 231 conservation among the seven Piwi proteins despite sequence heterogeneity (S2 Fig.; Fig 4. A).
232
Similarly, to D. melanogaster, the highest levels of amino acid sequence conservation were 233 found in the regions that, based on homology modelling, define the inner pocket of Argonaute 234 molecular assembly where the RNA binds. Significantly lower sequence conservation was found on 235 the proteins surface (Fig 4.B) . Based on our computational predictions, we could not detect 236 aminoacidic polymorphisms that would affect RNA binding or processing, suggesting that all Ae.
237
albopictus Piwi proteins may retain the Argonaute-like functions. Mapping of mutations under 238 positive selection (Table 2 .B) on the homology models showed that all variant amino acids were in 239 regions distant from the predicted RNA-binding and/or processing sites, suggesting that these 240 mutations are unlikely to alter protein folding, but could influence its stability.
241
Developmental profile of Ae. albopictus Piwi genes 242
To further gain insights on the functional specialization of Piwi genes, we assessed their 243 expression profile throughout mosquito development, namely at 4-8 hours (h) after deposition to capture the maternal-zygotic transition in expression, at late embryogenesis (i.e. 12-16 h and 16-24 245 h post deposition), at two time points during larval development (i.e. 1 st and 4 th instar larvae) and at 246 pupal and adult stages (for the latter only we sampled separately males and females). Adult females 247 were dissected to extract ovaries from the carcasses both from females kept on a sugar diet and 48 248 h after a blood meal, when a peak in Piwi gene expression was previously observed [45] .
249
Expression levels of Ago3, Piwi4, Piwi5, Piwi6 and Piwi7 are at their peak in the embryonic 250 stages, although at different time points ( Fig 5) . Overall, AGO3, Piwi1/3, Piwi2 and Piwi6 have a 
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Overall, at the adult stages, Ago3 and all Piwi genes were more expressed in females than 262 males. Expression in ovaries was higher than in the corresponding carcasses, in both sugar-and 263 blood-fed females. Differences in carcasses vs. ovaries expression were more pronounced after 264 blood-meal for Ago3, Piwi1/3 and Piwi6, while expression of Piwi2 was doubled in sugar-fed vs. 265 blood-fed ovaries.
266
Piwi genes expression following viral infection 267
Finally, we assessed whether the expression pattern of Piwi genes was altered upon DENV 
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Overall, these observations and our expression analyses support the hypothesis of an early 343 activation of the piRNA pathway following DENV infection, but a late activation after CHIKV infection.
344
Additionally, our expression analysis is consistent with a generalist antiviral role for Piwi5, which is 345 elicited both during DENV and CHIKV infection [20] , but suggest a more prominent role for Piwi6 346 and Piwi1/3 or Piwi4 and Ago3 during infection with DENV and CHIKV, respectively.
347
Materials and methods
348
Mosquitoes 349
Aedes albopictus mosquitoes of the Foshan strain were used in this study [10] . Mosquitoes
350
were reared under constant conditions, at 28 °C and 70-80% relative humidity with a 12/12 h light/dark cycle. Larvae were reared in plastic containers at a controlled density to avoid competition 352 for food. Food was provided daily in the form of fish food (Tetra Goldfish Gold Colour). Adults were 353 kept in 30 cm 3 cages and fed with cotton soaked in 0.2 g/ml sucrose as a carbohydrate source. Adult 354 females were fed with defibrinated mutton blood (Biolife Italiana) using a Hemotek blood feeding 355 apparatus. Mosquitoes from Mexico and La Reunion island were collected in 2017 as adults and 356 maintained in ethanol 70% before shipment to Italy. All samples were processed at the University of 357 Pavia.
358
Mosquito infections 359
Foshan mosquitoes were infected with either DENV serotype 1, genotype 1806 or with 360 CHIKV 06.21. DENV-1 (1806) was isolated from an autochthonous case from Nice, France in 2010 361 [49] . CHIKV 06-21 was isolated from a patient on La Reunion Island in 2005 [50] . Both strains were 362 kindly provided by the French National Reference Center for Arboviruses at the Institut Pasteur.
363
CHIKV 06-21 and DENV-1 1806 were passaged twice on cells to constitute the viral stocks for 
367
Four boxes containing 60 one-week-old females were exposed to an infectious blood-meal 368 composed by 2 mL of washed rabbit red blood cells, 1 mL of viral suspension and 5 mM of ATP. The 369 titer of the blood-meal was 10 7 PFU/mL for CHIKV and 10 6.8 PFU/mL for DENV. Fully engorged 370 females were placed in cardboard boxes and fed with a 10% sucrose solution. Mosquitoes were 371 incubated at 28 °C until analysis.
372
In parallel, mosquitoes were fed with uninfected blood-meal or kept on a sugar-diet and grown 373 in the same conditions. Thirty mosquitoes were killed to be analyzed at days 4 and 14 post-infection 374 (pi) for CHIKV, and at days 4 and 21 dpi for DENV.
375
To estimate transmission, saliva was collected from individual mosquitoes as described in 376 [51] . After removing wings and legs from each mosquito, the proboscis was inserted into a 20 µL tip 377 containing 5 µL of Fetal Bovine Serum (FBS) (Gibco, MA, USA). After 30 min, FBS containing saliva was expelled in 45 µL of Leibovitz L15 medium (Invitrogen, CA, USA) for titration. Transmission 379 efficiency refers to the proportion of mosquitoes with infectious saliva among tested mosquitoes 380 (which correspond to engorged mosquitoes at day 0 pi having survived until the day of examination).
381
The number of infectious particles in saliva was estimated by focus fluorescent assay on C6/36 Ae. 382 albopictus cells. Samples were serially diluted and inoculated into C6/36 cells in 96-well plates. After 383 incubation at 28°C for 3 days (CHIKV) or 5 days (DENV), plates were stained using hyperimmune 384 ascetic fluid specific to CHIKV or DENV-1 as primary antibody. A Fluorescein-conjugated goat anti-385 mouse was used as the second antibody (Biorad). Viral titers were 16,266±50,446 FFU and 155±125
386
FFU for CHIKV at 14 dpi and DENV at 21 dpi, respectively.
387
At the same time points mosquitoes that had been fed a not-infectious blood or kept on a 388 sugar diet were sampled and dissected as above. 
